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(54) Electrochromic device 

(57) The electrochromic device which has an ion conductive layer obtained by curing a composition comprising (a) 
a bipyndintum compound represented by formula (1), (b) a specific amine compound and (c) a precursor component 
of a polymenc solid electroryte, disposed between two electrically conductive substrates at least one of which is trans- 
parent, 

said formula (1) being 



R' 

H ^Hf°i R - N y^ NlR5 



0) 



wherein X- and Y- are the same or different and are each independently a counter anion selected from the group 
consisting of an halogen anion, CIO,,-, BF 4 -, PF 6 -. CH 3 COO- and CH 3 (C 6 H 4 )S0 3 -. FP is hydrogen or a C, - C 5 alkyl 
group, R2 is a C, - C M divalent hydrocarbon or oxygen-containing hydrocarbon group, R3 is a C, - C 20 hydrocarbon 
or oxygen-containing hydrocarbon group and a is an integer of 0 or 1. 
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[0001] This invention relates to electrochromic devices which are useful tor transmission-type device such as smart 
windows, reftectrve-type devices such as antiglare mirrors for automobiles and decorative mirrors and displays De- 
scription of the Prior Art K 1 

[0002] Japanese Laid-Open Patent Publication No. 63-18336 discloses a method ol producing a chromogenic layer 
used lor an electrochromic device by vacuum-depositing or sputtering an inorganic oxide such as tungsten oxide (WO,) 
over a transparent electrically conductive film. However, this method leads to elevated production costs due to the 
involvement of technique under vacuum conditions. 

[0003] It has been proposed to produce a chromogenic layer by using an electrochromic compound such as violoqen 
f™« r dona,,ng com POunds in combination without employing a technique involving vacuum conditions 
[0004] For example. Japanese LaidOpen Patent Publication No. 9-1 20088 discloses a solution for an electrochromic 
device which is obtained by dissolving an electrochromic compound such as viologen and an electron donating com- 
pound in asuitable solvent. However, this attempt has a problem that the resulting electrochromic device is deteriorated 
in elec rochrom.c performances since viologen which is freely present in the solvent, is easily dimerized leadinq to 

Furthermore - ,nere is a risk tha * 'he liquid medium possibV scatters upon breakage of the device 
[0005] Japanese LaidOpen Patent Publication No. 7-70218 discloses a solid chromogenic layer produced by dis- 
persing an electrochromic compound such as viologen and an electron donating compound in a polymer with the aid 
of a monomer wh.ch can be polymerized by irradiating electromagnetic radiation. Since the solid medium is used in 
this chromogenic layer, there is no risk that the medium scatters upon breakage of the device. However the violoqen 
.s st.ll freely present even in the solid medium and thus easily precipitates by being dimerized. resulting'in a failure of 
completely avoiding the resulting electrochromic device from being deteriorated 

[0006] Furthermore, the viologen and electron donating compound are changed in properties by ultraviolet ray pen- 
etrating through the substrate of the device, leading to the shortened lifetime thereof. 

SUMMARY OF THE INVENTION 
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[0007] Alter an extensive research and study, it has been found that the foregoing problems can be overcome by an 
electrochromic device having a structure described below. 

[0008] According to one aspect of the present invention, there is provided an electrochromic device having an ion 
conductive layer obtained by curing a composition containing (a) a bipyridinium compound represented by formula (1 ) 
(b) an amine compound represented by formula (2) and / or (3) and (c) a precursor component of a polymeric solid 
electrolyte, disposed between two electrically conductive substrates at least one of which is transparent formula (1) 



1 40 



R , 

H:C= H^°i R: - +N; nMS N - R3 



(1) 



wherein X- and Y- may be the same or different and are each independently a counter anion selected from the group 
cons^g ol an halogen anion, CIO,-. BF 4 -. PF 6 -. CH 3 COO- and CH 3 (C 6 H 4 )S0 3 , FP is hydrogen or a C, - C s alkyl 
group RZ is a C, - C x divalent hydrocarbon residue, FP is a C, - C 20 hydrocarbon residue and a is an integer of 0 or 1 

formula (2) being 3 



so 



R 7 



H ; C= C-f R ? -X-N - At 1 — N - R 



where.n R< is hydrogen or a C, - C s alkyl group. R* is a C, - C 1S hydrocarbon residue, b is an integer of 0 or 1 R* and 
R may be the same or different and are each independently hydrogen or a C, - C a hydrocarbon residue R« is 
hydrogen or a C, - C 20 hydrocarbon residue and Ar' is a C 6 - C^, divalent aromatic hydrocarbon residue- and 
formula (3) being ' 



2 
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H 2 C=C-fR ,H )— N ' 




N — R 



1 3 



(3) 
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wherein R9 is hydrogen or a C« - C s alkyl qrouo R™ is a c r h.^ a ^ 
BRIEF DESCRIPTION OF THE DRAWINGS 

EL"* 1 16 3 CrOSS - SeC,i0na ' Vi6W Sh0Wi "9 »» «"«*«• of an electronic device according ,o the present 
^^£2^^ Vi9W Sh ° W,n9 S,rUC,Ufe °' a " e ' 9CtrOC h ™ ic «"* window g ,ass according to 
Son^' 3 " 3 CrOSS - SeC,i0na ' sho -9 *• s'-ture o, an e.ectrochromic mirror according ,o the present 
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PREFERRED EMBODIMENTS OF THE INVENTION 

Ihe electrically conductive substrates used I hi 21 ?„ V ' n9 * Mon as elec «^e. Therefore, 
•n°seoo,aJd byl a mi na^ 

substrate. No matter whether the substrata* a «, ■ ,! ° Ve ' one or both su ^ces of a non-electrtcally conductive 

suitable for e.ectrochrLc mirror 9 ,fanSparent e,ectr,ca,,v conductive substrate and a reflective one is 

T be Pf<XjUC6d " • -nsparent e.ectrode 

[00,7] Nof-rt^S^ 

as ~ s^skkst — e - «"**- 

SL.^^ t^r- ,hin r r 9ow ' chrome - copper and ^ « « 

sirver oxide, zinc oxide and ^l^^SS^S!^ °' 'T^' "*'" ^ ' T ° C^-SnO,). tin oxide, 
50 to 300 nm. The surface resSa^e of ^e i iltith ^ ' S ^ lh<3 fa " 9e °' 10 "° 500 nm - P«*»«*V 

cm* Any suable «S ^ ^ ^.■J3™^ 0 5 '? 1 to 50 «* 

and /or metal oxides constituting the electrode The irar^lJ »? T^. ? emp '° yed de P end '"9 on the type of metals 
ion-p laI i n g. sputtering andasofge'lTh^ ^ 

Kc,^ 
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lithium and an organic material having oxidation -reduction capability, such as polyaniline, polythiophen. polypyrrole 
and phthalocyanine, a carbon material such as active carbon and graphite a metal oxide such as V 2 O s , Mn0 2 , NiO 
and ir 2 O a and a mixture thereof. 

[0020] Upon forming the electrode activator over the transparent electrode layer, it is necessary not to harm the 
5 transparency thereof excessively. Therefore, the opaque electrode activator may be applied onto an electrode by form- 
ing thin stripes or dots of a composition comprising an active carbon fiber, graphite and an acrylic resin over a trans- 
parent ITO layer or forming a mesh of a composition comprising V 2 0 5 , acetylene black and butyl rubber over a gold 
thin film. 

[0021] The opaque electrically conductive substrate may be produced by substituting the transparent substrate of 
io the above-described transparent electrically conductive substrate with an opaque substrate such as various plastics, 
glasses, woods and stones. 

[0022] Eligible reflective electrically conductive substrates for the present invention are (1) laminates obtained by 
laminating a reflective electrode layer over a non-electrically conductive transparent or opaque substrate, (2) laminates 
obtained by laminating a transparent electrode layer over one surface of a non-electrically conductive transparent 

is substrate and a reflective layer over the other surface thereof. (3} laminates obtained by laminating a reflective layer 
over a non-electrically conductive transparent substrate and a transparent electrode layer over the reflective layer, (4) 
laminates obtained by laminating a transparent electrode layer over a reflective plate used as a substrate and (5) plate- 
like substrates which themselves have functions as a photo-reflective layer and an electrode layer, 
[0023] The term "reflective electrode layer' denotes a thin film which has a mirror surface and is electorchemically 

20 stable in performance as an electrode. Specific examples of such a thin film are a metal film of gold, platinum, tungsten, 
tantalum, rhenium, osmium, iridium, silver, nickel or palladium and an alloy film of platinum-palladium, platinum-rhodium 
or stainless. Any suitable method of forming such a thin film may be employed such as vacuum evaporation, ion-plating 
and sputtering. 

[0024] The substrate to be provided with a reflective electrode layer may be transparent or opaque. Therefore, the 
25 substrate may be the above-described transparent substrate and various plastics, glasses, woods and stones which 
may not be transparent. 

[0025] The term 'reflective plate* or 'reflective layer" denotes a substrate having a mirror surface or a thin film which 
may be a plate of silver, chrome, aluminum, stainless, nickel-chrome or a thin film thereof. 
[0026] If the above described reflective electrode layer per se is rigid, a substrate may not be used. 
30 [0027] In the present invention, a bipyridinium compound is used as an electrochromic material and represented by 
the formula 



35 



R' / 



o 



The bipyridinium compound is hereinafter referred to as Component (A). In formula (1), X- and Y- may be the same or 
different and are each independently a counter anion selected from the group consisting of an halogen anion, CKD 4 -, 
BF 4 -, PF 6 -, CH3COO- and CH 3 (C 6 H 4 )S0 3 -. The halogen anion may be F-, CI-, Br- and I-. 

[0028] R 1 may be hydrogen or a - C 5 alkyl group. Specific examples of the atkyl group are methyl, ethyl, i-propyl, 
n-propyl, n-butyl, t-butyl and n-pentyl group. Preferred are hydrogen and methyl group. 

[0029] R2 is a C-j - C30 divalent hydrocarbon group. The term "hydrocarbon residue" refers to hydrocarbon groups 
and oxygen-containing hydrocarbon groups. The divalent hydrocarbon residues include hydrocarbon groups such as 
alkylene groups and divalent aromatic hydrocarbon groups as well as divalent oxygen-containing hydrocarbon groups 
having an ether bond, such as (poly)oxyalkyiene groups. The alkylene group are those having 1 to 10, preferably 1 to 
5 carbon atoms. Preferred examples of the alkylene group are methylene, ethylene, tetramethylene and propylene 
groups, among which methylene group is particularly preferred. 

[0030] Typical examples of the divalent aromatic hydrocarbon groups are C 6 - arylene or substituted arylene 
groups such as m-phenylene, n-phenylene, substituted phenylene (alkyf-subslituted phenylene), biphenylene and 
naphthylene groups, among which m-phenylene and n-phenylene are preferred. 
[0031] The oxygen-containing hydrocarbon group may be -OCH^CH^ and -CH 2 OCH 2 CH 2 -. 

[0032] R 3 is a monovalent hydrocarbon residue having 1 to 20, preferably 2 to 10 carbon atoms. The hydrocarbon 
residue includes hydrocarbon groups and oxygen -containing hydrocarbon groups. Therefore, the monovalent hydro- 
carbon residue encompasses hydrocarbon groups such as alkyl groups, aryl groups and aralatkyl groups and alkoxy 
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groups. Specific examples of the alkyl groups are methyl, ethyl, i-propyl, n-propyl, n-butyt, t-butyl, n-pentyl, rvhexyl. 
cyclohexyl, n-heptyl, n-octyl, benzyl and vinylbenzyl groups. 

[0033] Afternativery, R 3 in formula (1) may be an oxygen-containing hydrocarbon groups represented by the formula 




— C-+C= CH : (a) 



is — f R" — o-4- R 

\ /b' (h) 

wherein FT is as defined with respect to R 2 in formula (1), R is as defined with respect to R 1 in formula (1), R" is an 
( alkylene group having 2 to 5, preferably 2 to 3 carbon atoms, such as ethylene, trimethylene and propylene groups, 

so a' is an integer of 0 or 1 , b* is an integer of 1 to 5, preferably 1 or 2. 
a in formula (1 ) is an integer of 0 or 1 . 
[0034] If R3 is an oxygen-containing hydrocarbon group of formula (a), Component (A) has carbon-carbon double 
bonds at both terminal ends, as represented by the formula 



30 




wherein X- and Y- may be the same or different and are each as defined in formula (1 ), R 14 and R 17 may be the same 
or different and are each as defined with respect to R 1 in formula (1), R'S and R"* may be the same or different and 
are each as defined with respect to R2 in formula ( 1 ) and d and e may be the same or different and are each as defined 
with respect to a in formula (1). 

[0035] Specific examples of Component (A) are as follows: 
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CH : -N (^)/ U^)N— CH;CH ; CH : 



15 



l-UC=CH 



^^CH : -N^^^> (^^N'-CH.-fcH^ CH, 

iQj Br" Br" 



20 
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H.C=CH 



CH- — N (^j) \CZ) N+ ~" CH :~^ CH 2-^- CH .- 



BF 4 




CH : — +N (^^) CH - CH -°V CH - ; 

BF7 BF7 



\ 40 



H,C=CH- 




CH 2 OCH : CH 2 -N^) CH 2"(- CH 2 -)rCH, 

C10 4 " C) °4~ 



CH 3 



H-»C=CH- 




,CH 2 OCH 2 CH : — N Q\ \0/ N+_ CH:( T H 

CFh 



CIO4 



CIO4 



so 



FhC=CH- 




CH 2 OCH 2 CH 2 — N > QN ((3 1 N-^CH^CH.O-^ CH, 



6 



*O0O995786 fhttD://www.genhepatentxom/Loqin.dog/Sexam.support/Fetch/EP000995786xpc?fromCache = 1 part = maintoolbar = bottorfUge 7 of 40 



EP 0 995 786 A1 

3 





[0036] Two or more of Ihese compounds may be used in combination. Component (A) may be used in combination 
with a compound facilitating color development. The color developing compound may be bonded to Component (A). 
[0037] In the electrochromic device according to the present invention, an amine compound is used as a electron- 
donating compound. Such an amine compound may be those represented by formula (2) and / or (3) and hereinafter 
referred to as Component (B): 
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R R° 
1 f « \ 1 i 



R' 

-N — R* 



IS 




H 2 C=C-{-R u ') z? -N N — R 13 




(3) 



20 [0038] R 4 and R 9 in formulae (2) and (3) are each independently hydrogen or a C, - C 5 aikyi group such as methyl, 
ethyl, i-propyl, n-propyl, n-butyl, t-butyl and n-pentyl groups. Particularly preferred are hydrogen and methyl groups. 
R 5 and R 10 are each independently aC, — C 15 divalent hydrocarbon residue. Specific examples of the divalent hy- 
drocarbon residue are those as represented by the following formulae: 



25 



— OCH 2 CH 2 — . — (OCH 2 CH 2 ) 2 - 



30 



(OCH 2 CH 2 ) 3 — , — (OCH 2 ch 2 ) 4 — 



-C- . -C-0CH ? CH 2 - , -C- (0CH 2 CH 3 ) 



0 



0 



0 



-C- (0CH 2 CH 2 ) 3 - , "C- (OCH 2 CH 2 ) 4 - . 



o 



-{C 6 H 4 )-CH 2 — , — (C 6 H 4 ) — CH 2 — OCH 2 CH 2 — , 



(C 6 H 4 )— CH 2 — {OCH 2 CH 2 ) 2 — , 



55 



(C G H 4 )-CH 2 — (OCH 2 CH 2 ) 3 — , 



— (C 6 H 4 )— CH 2 — (OCH 2 CH 2 ) 4 — . 
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b and c in formulae (2) and (3) are each 0 or 1 . 
[0039] R 6 and R 7 in formula (2) and R 11 and R 12 in formula (3) are each independently hydrogen or a hydrocarbon 
residue having 1 to 20, preferably 1 lo 10 carbon atoms. The hydrocarbon residue encompasses hydrocarbon groups 
and oxygen-containing hydrocarbon groups. Specific examples of the hydrocarbon groups are an alkyl group such as 
- s methyl, ethyl, n-propyl. i-propyl, n-butyl, i-butyl, t-butyl, hexyl, heptyl and octyl groups, alkylphenyl group such as totyl 
and ethylphenyl groups and an aryl group such as phenyl group and an aralkyl group. The oxygen-containing hydro- 
carbon group may be an alkoxyphenyl group such as methoxyphenyl and ethoxyphenyl groups. 
[0040] R e and R 13 are each independently hydrogen or a hydrocarbon residue having 1 to 20, preferably 1 to 10 
carbon atoms. The hydrocarbon residue encompasses hydrocarbon groups and oxygen-containing hydrocarbon 
jo groups. Specific examples of the hydrocarbon group are an alkyl group such as methyl, ethyl, n-propyl, i-propyl, n- 
butyt, i-butyl, t-butyl, hexyl, heptyl and octyl groups, alkylphenyl group such as tolyl and ethylphenyl groups and an 
aryl group such as phenyl group and an aralkyl group. The oxygen-containing hydrocarbon group may be an alkoxy- 
phenyl group such as methoxyphenyl and ethoxyphenyl groups or an oxygen-containing hydrocarbon group repre- 
sented by formula (a) or (b): 

is 



20 



O \ R 

-c4-C=CH : 



00 



25 
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40 



-(r—O^.R 



wherein R* is as defined with respect to R 5 in formula (2) or R 10 in formula (3). R is as defined with respect to R 4 in 
formula (2) or R 9 in formula (3), R' is an alkylene group having 2 to 5, preferably 2 to 3 carbon atoms, such as ethylene, 
trimethylene and propylene groups, a' is an integer of 0 or 1, b* is an integer of 1 to 5, preferably 1 or 2. 
30 [0041] Ar 1 in formula (2) is a divalent aromatic hydrocarbon group having 6 to 20, preferably 6 to 1 2 carbon atoms, 
o-phenylene. m-phenylene, p-phenytene, substituted phenylene group of which substituent may be as defined with 
respect to R 5 , preferably alkyl-substituted phenylene group, biphenylene and naphthytene group. 
[0042] If R 13 in formula (2) or (3) is a group of formula (a). Component (B) has carbon-carbon double bonds at the 
terminal ends, as represented by the formulae 



R I8 R =o R- 1 R" 3 

H 2 C=C-(-R 1 "-)p N — Ar= — N -£-R--V- C=CH : 



(5) 



wherein R 18 and R 1 9 may be the same or different and are each independently as defined with respect to R 4 in formula 
(2), R 19 and R 22 may be the same or different and are each independently as defined with respect to R 5 in formula (2), 
4S R 20 and R 21 may be the same or different and are each independently as defined with respect to R 6 and R 7 in formula 
(2), Ar 2 is as defined with respect lo Ar 1 in formula (2). and f and g may be the same or different and are each as 
defined with respect to b in formula (2). and 



so 



55 



9 



1 00O995786 lhnp://www.getthepatentxorn/Login.doq/Sexam.support/Fetch/EP00Q995786.cpc?ffomCache= 1 part - maintoolbar = bott&aaje 10 of 40 



EP 0 995 786 A1 




wherein R 24 and R 29 may be the same or different and are each independently as defined with respect to R 9 in formula 
(3), R 25 and R 28 may be the same or different and are each independently as defined with respect to R 10 , R 25 and R 27 
'5 may be the same or different and are each independently as defined with respect to R 11 and R 12 in formula (3) and h 
and i may be the same or different and are each independently as defined with respect to c in formula (3). 
[0043] Component (B) may be produced by reacting a specific amine compound with a specific reactive acid halide. 
[0044] Amine compounds used as a starting material may be those represented by the formulae 

20 

R Mt R r>i 

H A- A ^li-R« (7) 

25 wherein R 30 , R 31 and R 32 may be the same or different and are as defined with respect to R 5 , R 7 and R 8 in formula 
(2), respectively, and 



30 



35 




(8) 



40 wherein R 33 R 34 and R 35 may be the same or different and are as defined with respect to R 11 , R 12 and R 13 in formula 
(3), respectively. 

[0045] Specific examples of the amine compound represented by formula (7) or (8) are phenylenediamine, N-meth- 
ylphenylenediamine, ^N'-dimethylphenylenediamine, N.N.N'-trimethylphenylenediamine. N-ethylphenylenediamine, 
NpN'-diethylphenylenediamine, N,N t N'-triethylphenylenediamine, N-phenylphenylenediamine, N.N'-diphenylphenyten- 
ediamine, N.N.NMriphenylphenylenediamine, N-tolylphenylenediamine. N.N'-tolylphenylenediamine, N.N.N'-tritoiyl- 
phenylenediamine, N-(4-aminophenyl)-N'-phenylphenylenediamine, N-(4-aminophenyl)-N,N'-diphenylphenylenedi- 
amine, N-(4-aminophenyl)-N,N , ,N'-triphenylphenylenediamine, N-fA-aminophenyO-N'.N'-diphenylphenylenediamine, 
N-(4-aminophenyl)-N-tolylphenylenediamine, N-(4-aminophenyI)-N-phenyl-N'-tolylphenylenediamine J N-(4-ami- 
nophenyl)-N-toIyl-N'-phenylphenylenediamine, N-(4-aminophenyl)-N, N'-ditolylphenylenediamine, N-(4^aminophe- 

50 nyl)-N\N*<litolylphenyienediamjne, N-(4-aminophenyl)-N-phenyl-N , .N'-ditoiylphenylenediamine ( N-(4-aminophenyl)- 
N ( N'-diphenyl-N*-tolylphenylenediamine. N-(4-aminophenyl)-N,N , 1 N , -tritofylphenylenedtamine, N-(4-aminopheny!)-N- 
methylphenyl en ediamine, N-(4-aminophenyl)-N-phenyl-N , -methylphenylenediamine, N-(4-aminophenyl)-N-methyl- 
N'-phenylphenylenediamine, N-(4-aminophenyl)-N ( N*-dimethylphenylenedtamine, N-(4-aminophenyl)-N',N , -dimethyl- 
phenylenediamine, N-(4-aminophenyl)-N-phenyi-N',N , -dimethylphenylenediamine, N-(4-aminophenyl)-N,N'-diphenyI- 

55 N'-methylphenylenedtamine. N-(4-aminophenyl)-N t N',N'-trimethylphenylenediamine, benzidine, N-methylbenzidine, 
N.N'-dimethylbenzidine, N,N,N'-trimethy!benzidine, N-ethylbenzidine. N.N'-diethylbenzidine. N.N.N'-triethyibenzidine, 
N-phenylbenzidine, N.N'-diphenyibenzidine, N.N.N'-triphenylbenzidine, N-tofylbenzidine, N.N'-tolylbenzidine, N.N.N*- 
tritofylbenzidine, N-(4-aminophenyl)-N'-phenyIbenzidine. N-(4-aminophenyl)-N,N'-diphenylbenzidine, N-(4-aminophe- 
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nylJ-N.N'.N'-lriphenylbenzidine, N-(4-aminophenyl)-N , ,N , -diphenyIbenzidine, N-(4-aminophenyl)-N-tolylbenzidine, N- 
(4-aminophenyl)-N-pheny!-N'-tolylbenzidine, N-(4-aminopheny!)-N-tolyl-N'-phenylbenzidine, N-(4-aminophenyl)-N,N'- 
dttolyibenzidine, N ^-aminophenyO-N'.N'-ditolylbGnzidine, N-(4-aminophenyl)-N-phGnyl-N t N , -ditolylbenzidino, N- 
(4-aminopheny l)-N ( N'-diphenyl-N'-tolylbenzidine. N-(4-aminophenyl)-N, N', N'-tritoIylbenzidine, N-(4-aminophenyl}-N- 

5 methylbenzidine, N-(4-aminophGnyl)-N-phenyl-N*-mGthylbenzidine. N-^-aminophGnyO-N-niGthyl-N-mGlhyl-N'-phGnyl- 
benzidine, N-(4-aminophenyl)-N 1 N'-dimethyIbenzidine ( N-(4-aminophenyl)-N,N , -dimethylbenzidine, N-(4-aminophe- 
nyO-N-phenyl-N'.N'-dimGthylbGnzidinG, N^-aminophGnylJ-N.N'-diphGnyl-N'-mGthylbGnzidinG, N-(4-aminophenyl)-N, 
N\NMrimethylbenzidine, N,N,N\NMetramethyl-1 ,4-phenyIenediamine and 5,10-dihydro-5,10-dimethylphenazine. 
[0046] Acid halidos to bo usod for the reaction with the abovQ-dGscribod aminG compound may be those represented 

JO by the formula 



is 



R* ft 
I 

H.C=C— C— Z 
II 

o 



(9) 



) wherein R 36 is as defiriGd with respoct to R 4 in formula (2) and Z is a halogen atom such as fluorine, chlorino, bromine 

20 and iodine. 

[0047] Specific examples of the reactive acid halide are chloride acrylate and chloride aery late. 
[0048] Specific examples of Component (B) are as follows and may be used in combination: 



25 



H CH, 
I I ' 

H->C=C— C— N 



O 




35 



CH, 
I " 

H-C=C— O 
II 

o 



CH, 
■N- 



CH, 

N-CH, 



> 



45 



H 
I 

H-C=C — C— N- 
li 
O 



-OCH^CHv 




CH, 
I * 

H.C^C-C-N-OCH-CHv 
II 
O 
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H CH, 
H 2 C= C— C— N 40CH 2 CH:4-N — (C^)j 
O 



CH, 
t * 
■N— CH, 



10 



15 



CH, CH, , s 

h : c=c— c— n4och 2 ch 2 +n-^(^ 
o — 



■N— CH, 



20 



H CH, 



H 2 C = C N — (\)) — N 



CH, 



-CH., 



25 



H 



CH_, 



CH, 



H : C=C-OCH : CH : N — (\^)/ — N— CH, 
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5 i . 

H-C = C — C — N N— CH* H-C—C — C — OCH-CH-— N N— CH, 

~ v " II v 

O 



II 

O 




o 
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I " / \ I " 

hhC=C— C—OCH-CH N N-CH^CH^O— C— C=CH^ 

II \ / " ' II 

O >— < O 



[0049] The ratio of Component (B) to a precursor of polymeric solid electrolyte hereinafter described is not particularly 
restricted but is usually 0.01 to 20 mass percent, preferably 0,1 to 10 mass percent. 
75 [0050] The molar ratio of Component (A) to Component (B) is usually 10/1 to 1 / 20, preferably 2/1 to 1 / 3. 

[0051] The term "precursor component of a polymeric solid electrolyte - (hereinafter referred to as Component (C)) 
denotes a component having fluidity which can be converted to a polymeric solid electrolyte by being cured. The 
polymeric solid electrolyte encompasses those which are substantially solid at room temperature and those which are 
f gelatinized and thus exhibit almost no fluidity at room temperature. Despite that the polymeric solid electrolyte is solid 

' 20 or gel, the ion conductivity thereof is usually greater than 1 x 10" 7 S/cm, greater than 1 x to -6 S/cm, more preferably 
1 x 10 s S/cm. 

[0052] Component (C) is basically composed ol a polymeric monomer and a supporting electrolyte and may further 
contain preferably a solvent and other components as required. 

[0053] Eligible polymeric monomers are polyurethane monomers, acryloyle- or methacryloyle- modified polyalkyle- 
25 neoxides, among which acryloyle- or methacryloyle- modified polyalkyleneoxides are preferred. 

[0054] A polyurethane monomer having an acryloyle group or a methacryloyle group at both of the terminal ends is 
represented by the formula 

R— OC- N -4 R— N -C— O-f Y^-C- N —4- R^ N - C-O- R™ 
OH\ HO OH /J HO 



(10) 



wherein R 37 and R 38 may be the same or different and are each independently a group of formula (11), (12) or (13), 
R 39 and R 40 may be the same or different and are each independently a divalent hydrocarbon group having 1 to 20, 
preferably 2 to 12 carbon atoms, Y is a polyether unit, a polyester unit, polycarbonate unit or a mixture thereof, j is an 
integer of 1 to 100, preferably 1 to 50, more preferably 1 to 20; 
40 formula (11) being 

45 CH : = C— C— O — R— (11) 

45 || 

O 

formula (12) being 



55 
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R 41 

CH^=C~ C— O — R — 
II 

i 

CH^ = C— C— O— 
II 
O 



(12) 



and 

formula (13) being 



20 



25 



R*' 
I 

CH^=C— C— O 
II 

o 

r 4 - 



CH^= C— C-O — R— (13) 
II 



R 43 
I 

CH-=C— C- 
II 

o 



30 



[0055] In formulae (11) to (13), R 41 , R 42 and R 43 may be the same or different and are each independently hydrogen 
oraC r C 3 alky! group, and R 44 is a divalent to quatervalent organic residue having 1 to 20, preferably 2 to 8 carbon 
atoms. 

[0056] Specific examples of the organic residue are hydrocarbon residues such as alkyltoly groups, alkyltetratolyl 
35 groups and alkylene groups represented by the formula 




(14) 



wherein R 46 is a C, - C 3 alkyl group or hydrogen, k is an integer of 0 to 6 and if k is greater than 2, R 45 may be the 
45 same or different. 

[0057] The hydrogen atoms in formula (14) may be partially substituted by an alkoxy group having 1 to 6, preferably 

1 to 3 carbon atoms and an oxygen-containing hydrocarbon group such as a C 6 - C 12 aryioxy group. 

[0058] Specific examples of R 44 are methylene group, tetramethylene group and groups represented by the following; 



55 
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CH 3 -CH 2 -CH, 

I I I 

-CH 2 -CH-, -CH 2 -C-CH ? - , CH - 

I I 

— CH 2 ~ C H 2 

[0059] The divalent hydrocarbon group represented by R 39 and R 40 in formula (10) may be exemplified by aliphatic 
hydrocarbon groups, aromatic hydrocarbon groups and alicyclic hydrocarbon groups. The aliphatic hydrocarbon group 
may be an alkylene group represented by formula (14) above. 

[0060] The divalent aromatic and alicyclic hydrocarbon groups may be exemplified by hydrocarbon groups repre- 
sented by the following: 



20 



25 



_ R ^ C H : j r R J7 



(15) 



R 4« R 49 

— C-R 4 -^C- 



(16) 

R* u R V 



',50 J, SI 



35 

R 4S 



-C-R— 
R 



07) 



[0061] In formula (15) through (17), R 46 and R 47 may be the same or different and are each independently a phenylene 
group, a substituted phenylene group (alkyl-substituted phenylene group), a cycloalkylene group and a substituted 
cycloalkylene group (alkyl-substituted cycloalkylene group), and R 48 , R 49 R 50 and R 61 may be the same or different 
as and are each independently hydrogen or a C n - C 3 alkyl group and I is an integer of 1 to 5. 
[0062] Specific examples of R 39 and R 40 in formula (10) are the following divalent group: 




17 
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- O — 



(0 



5 



[0064] In formulae (c) through (d), R 52 , R 53 , R 54 , R 55 , R 56 and R 57 may be the same or different and are each 
independently a divalent hydrocarbon residue having 1 to 20, preferably 2 to 12 carbon atoms. R 52 through R 57 are 
each preferably a straight-chain or branched alkylene group. Specific examples for R 54 are methylene, ethylene, tri- 
methylene, tetramethylene, pentamethylene, hexamethylene and propylene groups. Specific examples of R£ 2 , R 53 , 
r55 r56 anc j F|57 are ethylene and propylene groups, c' is an integer of 2 to 300, preferably 10 to 200. d' is an integer 
of 1 to 300, preferably 2 to 200. e* is an integer of 1 to 200, preferably 2 to 100. e" is an integer of 1 to 200, preferably 
2 to 200. f is an integer of 1 to 300, preferably 10 to 200. 

[0065] In formulae (c) through (f), each of the units may be the same or different. In other words, if there exists a 
plurality of the groups of R 52 through R 57 , the groups of each R 52 through R 57 may be the same or different. 
[0066] The polyurethane monomer of formula (10) has a molecular-average molecular weight in the range of 2,500 
to 30,000, preferably 3,000 to 20,000 and has preferably 2 to 6, more preferably 2 to 4 functional groups per molecule. 
The polyurethane monomer of formula (10) may be prepared by any suitable conventional method. 
[0067] The other eligible polymeric monomers for Component (C) are aery loyl- or methacryloyl- modified polyal xylene 
oxides (hereinafter referred to as modified alkylene oxides). The polyalkylene oxide encompasses mono-, di- or poly- 
functional modified polyalkylene oxides. These may be used singlely or in combination. It is particularly preferred to 
use a monofunctional modified polyalkylene oxide as an essential component in combination with a difunctionai mod- 
ified polyalkylene oxide and / or a polyfunctional polyalkylene oxide. It is particularly preferred to use a mixture of a 
monofunctional modified polyalkylene oxide and a difunctionai modified polyalkylene oxide. Although not restricted, 
the difunctionai modified polyalkylene oxide and/or the polyfunctional polyalkylene oxide should be added in a total 
amount of 0,1 to 20, preferably 0.5 to 10 parts by weight of 100 parts by weight of the monofunctional modified poly- 
alkylene oxide. 

[0068] The monofunctional modified polyalkylene oxide is represented by the formula 



wherein R 58 , R 59 R 60 and R 61 are each independently hydrogen or a C, - C s alkyl group and g* is an integer of greater 
than 1. 

[0069] In formula (18), R 58 , R 59 , R 60 and R G1 may be the same or different and are each independently hydrogen or 
a C t - C 5 alkyl group. Specific examples of the alkyl group are methyl, ethyl, i-propyl, n-propyl, n-butyl, t-butyl and n- 
pentyl groups. It is preferred that R 58 is hydrogen or methyl group, R 59 is hydrogen or methyl group, R 60 is hydrogen 
or methyl group and R 61 is hydrogen, methyl or ethyl group. 

[0070] g' in formula (10) is an integer of greater than 1 and within the range of usually 1 ^ g' < 100, preferably 2 ^ 
g' S 50, more preferably 2 ^ g' ^ 30. 

[0O71] Specific examples of the compound of formula (18) are those having 1 to 100, preferably 2 to 50, more pref- 
erably 2 to 20 of oxyalkylen units, such as methoxypolyelhylene glcyol methacrylate, methoxy polypropylene glycol 
methacrylate, ethoxypolyethylene glycol methacrylate, ethoxypolypropylene glycol methacrylate, methoxypolyethylene 
glycol acrylate, methoxypolypropylene glycol acrylate, ethoxypolyethylene glycol acrylate, elhoxypotypropylene glycol 
acrylate and mixtures thereof. 

[0072] If g" is greater than 2, the monofunctional modified polyalkylene oxide may be those having different oxy- 
alkylene units, that is, copolymerized oxyalkylene units which may be alternating-, block- or random- polymerized and 
have 1 to 50, preferably 1 to 20 oxyethylene units and 1 to 50, preferably 1 to 20 oxypropylene unit. Specific examples 
of such copolymers are methoxypoly (ethylene * propylene)glycol methacrylate, ethoxypoly(ethylene ■ propylene)glycol 
methacrylate, methoxypoly(ethylene ■ propylenejgfycol acrylate, ethoxypoly (ethylene • propylene)glycol acrylate and 
mixtures thereof. 

[0073] The difunctionai modified polyalkylene oxide is represented by the formula 



30 




(18) 



35 



o 
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R «* R M \ R 65 

CHCHO-f-C— C=CH. < 19 > 
O 

wherein R 62 , R 63 , R 64 and R 65 are each independently hydrogen or a C, - C 5 alkyi group and h' is an integer of greater 
than 1. 

[0074] The polylunctional modified potyalkylene oxide having more than 3 functional groups is represented by the 
formula 




R <* R r., R <* 
I /II 

" -cc 
II 
o 



CH 2 =C— CO-£- CHCHO-^- 



(20) 



wherein R 66 , R 67 and R 68 are each independently hydrogen or a C, - C 5 alkyl group, i' is an integer of greater than 1 , 
j* is an integer of 2 to 4 and L is a connecting group of valence indicated by q. 

[0075] In formula (19). R«2 ( r63 R 64 and R es may be the same or different and are each independently hydrogen or 
a C, - C 6 alkyl group. Specific examples of the alkyl group are methyl, ethyl, i-propyl, n-propyl, n-butyl, t-butyl and n- 
pentyl groups. It is preferred that R 62 is hydrogen or methyl group, R 63 is hydrogen or methyl group, R 84 is hydrogen 
or methyl group and R 65 is hydrogen, methyl or ethyl group. 

[0076] h' in formula (19) is an integer of greater than 1 and within the range of usually 1 ^ h* ^ 100. preferably 2 ^ 
h* < 50, more preferably 2 ^ IV < 30. 

[0077] Specific examples of the compound of formula (19) are those having 1 to 100, preferably 2 to 50. more pref- 
erably 2 to 20 of oxyalkylen units, such as polyethylene glycol dimethacrylate, polypropylene glycol dimethacrylate, 
polyethylene glycol methacrylate, polypropylene glycol dimethacrylate, and mixtures thereof. 

[0078] > If h* is greater than 2, the Afunctional modified polyalkylene oxide may be those having different oxyalkylene 
units, that is, copolymerized oxyalkylene units which may be alternating-, block- or random- polymerized and have 1 
to 50, preferably 1 to 20 oxyethylene units and 1 to 50, preferably 1 to 20 oxypropylene unit. Specific examples of such 
copolymers are polyethylene . propyl ene)glycol dimethacrylate, polyethylene • propylene)glycol diacrylate and mix- 
tures thereof. 

[0079] R« R67 and R 68 in formu la (20) are each independently hydrogen oraG, — C 5 alkyl group. Specific examples 
of the alkyl group are methyl, ethyl, i-propyl, n-propyl, n-butyl, t-butyl and n-pentyl groups. R 66 . R 67 and R 68 are each 
preferably hydrogen or methyl group. 

[0080] i* in formula (20) is an integer of greater than 1 and within the range of usually 1 ^ f s 100, preferably 2 ^ i* 
^ 50, more preferably 2 ^ i' < 30. 

[0081] j' denotes a number of connecting group "L" and is an integer of 2 § j' ^ 4. 

[0082] Connecting group "L" is a divalent, trivalent or quatravalent hydrocarbon group having 1 to 30, preferably 1 
to 20 carbon atoms. The divalent hydrocarbon group may be alkylene, arylene, arylalkylene and alkylarylene groups 
and hydrocarbon groups having those groups as a base skeleton. Specific examples of the divalent hydrocarbon group 
are methylene group, ethylene group and a group represented by 

CH, 
— B z-C-B z - 



CH 



20 
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Bz represent a benzene ring). The trivalent hydrocarbon may be alkyllryl. aryllryl, arylalkyltryl. alkylaryltryl and hydro- 
cartoon groups having those groups as the base skelton. Specitic examples of the trivalent hydrocarbon group are 
those represented by the following formulae : 



CH 2 - 



CH,-C-CH 



CH,- 



( • 



CH 



2s - C H 2 - C - C : . H s 



and 



CH,- 



35 



40 



CHvCH,- 



-CH,CHo-B z-CH-CHo- 



(Bz represents a benzene ring). 

[0083] The quatravalent hydrocarbon may be alkyltetraaryl, aryttetraaryl, arylalkyltetraaryl and alkylaryltetraaryl 
groups and hydrocarbon groups having these groups as a base skeleton. Specific examples of the quatravalent hy- 
45 drocarbon are those represented by 

CH 2 - CH 2 CH 2 - 



-CH r C-CH r , -CH ! CH r Bz-CH 7 CH 3 - 
I I 
CH,- CH ? CH r 
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(Bz represents a benzene ring) . 

[0084] Specific examples of the compound of formula (20) are those having 1 to 100 t preferably 2 to 50, more pref- 
erably f to 20 oxyalkylene units, such as trimethytolpropanetri(poly ethylene glycol acrylate), trimethylolpropanetri (pol- 
yethylene glycol methaacrylate), irimethylotpropanetri (polypropylene glycol acrylate), trimethylolpropanetri (polypro- 

5 pylene glycol methaacrylate). tetramethylo!methanetetra(polyethy!ene glycol acrylate), tetramethylolmethanetelra 
(polyethylene glycol methaacrylate) , tetramethylolmethanetetra(polypropylene glycol acrylate), tetramethylolmethan- 
etetra(polypropylene glycol methaacrylate) , 2,2-bis[4-(acr yloxypolyethoxy)phenyl]propane. 2,2-bis[4-(methaacry- 
loxypolyethoxy)pheny(]propane, 2,2-bis[4-(acryloxypolyisopropoxy)phenyf]propane, 2,2-bis[4-(methaacryloxypolyiso- 
propoxy)phenyl]propane and mixtures thereof. 

70 [0085] If r" in formula (20) is greater than 2 , the compound may be those having different oxyalkylene units from 
each other, that is, copolymerized oxyalkylene units which result from alternating-, block- or random- copolymerization. 
Specific examples of such compounds of formula (20) having 1-50, preferably 1-20 of oxyethylene units and 1-50, 
preferably 1-20 of oxypropylene units are trim ethylolpropanetri(poly (ethylene . propylene)glycol acrylate), trimethylol- 
propanetri(poly(ethylene - propylene)glycol methaacrylate), tetramethylolmethanetetra(poly(ethylene * propy!ene)gly- 

is cot acrylate), tetramethylotmethanetetra(pory(ethylene • propylene)glycol acrylate) and mixtures thereof. 

[0086] There may be used the dif unctional modified polyalkyleneoxide of formula ( 1 9) and the polyf unctional modified 
polyalkyleneoxide of formula (20) in combination. When these compounds are used in combination, the weight ratio 
of these compounds is within the range of 0.01 / 99.9 - 99.9 / 0.01 , preferably 1 / 99 - 99 / 1 , more preferably 20 / 60- 
( ' 80/20. 

~ 20 [0087] The other component of Component (C) is a supporting electrolyte which may be salts, acids and alkalis. 

[0088] Salts may be inorganic ion salts such as alkali metal salts and alkaline earth metal salts, quaternary ammonium 
salts and cyclic quaternary ammonium salts. Specific examples of such salts are alkali metal salts of lithium, sodium 
or potassium, such as LiCI0 4) LiSCN, LiBF 4 , LiAsF 6 , UCF 3 S0 3 , LiPF 6 , Lil, Nat. NaSCN, NaCI0 4 , NaBF 4 , NaAsF 6 , 
KSCN and KCI, quaternary ammonium salts such as (CH 3 ) 4 NBF 4 , <C 2 H 5 ) 4 NBF 4 , (n-C 4 H 9 ) 4 NBF 4 , (C 2 H 5 ) 4 NBR, 
25 (C 2 H 5 ) 4 NCI0 4 and (n-C 4 H 9 ) 4 NCI0 4 and mixtures thereof. 

[0089] Acids may be inorganic acids or organic acids. Specific examples of the acids are sulfuric acid, hydrochloric 
acid, phosphoric acids, sulfonic acids and carboxylic acids. 

[0090] Eligible alkalis are sodium hydroxide, potassium hydroxide and lithium hydroxide. 

[0091] The precursor of a polymeric solid electrolyte referred to as Component (C) is preferably prepared by using 
30 a solvent in addition to the above-described polymeric monomer and supporting electrolyte. 

[0092] Eligible solvents are organic polar solvents such as methanol, ethanol, propylene carbonate, ethylene car- 
bonate, dimethylsulfoxide, dimethoxyethane, acetonitrile, r-butyrolactone, r-valerolactone, sulforan, dimethylforma- 
mide. dimethoxyethane, tetrahydrofuran, propionnitrile, glutaronitrile, adiponitrile. methoxyacetonitrile, dimethytace- 
toamide, methylpyrrolkJinone, dimethylsulfoxide, dioxolane, trimethylphosphate and polyethylene glycol. Preferred are 
35 propylene carbonate, ethylene carbonate, dimethylsulfoxide, dimethoxyethane. acetonitrile, r-butyrolactone. sulforan, 
dioxolane, dimethylformamide, tetrahydrofuran, adiponitrile, methoxyacetonitrile, dimethylacetoamide, methylpyrrolid- 
inone, dimethylsulfoxide, trimethylphosphate and polyethylene glycol. These organic polar solvents may be used sin- 
glely or in combination. 

[0093] The solvent is added in an amount of 50 to 1,200, preferably 100 to 900. more preferably 200 to 500 parts 
( \ to by weight, per 100 parts by weight of the polymeric monomer. The supporting electrolyte is added in an amount of 0. 1 
to 30, 1 to 20 weight percent of the solvent 

[0094] When the polyurethane monomer of formula (10) is used, the solvent is used in an amount of 100 to 1,200 
parts by weight, per 100 parts by weight of the polyurethane monomer. When the modified polyalkyleneoxide of formula 
(18), (19) or (20), the solvent is used in amount of 50 to 800, preferably 100 to 500 parts by weight, per 100 parts by 

45 weight of the modified polyalkyleneoxide. 

[0095] When the modified polyalkyleneoxide is used, the supporting electrolyte is used in an amount of 1 to 30, 
preferably 3 to 20 weight percent, of the total weight of the modified polyalkyleneoxide and the solvent. 
[0096] If necessary, optional components may be added to Component (C) to an extent that the achievement of the 
purpose of the present invention is not hindered. Such optional components may be polymerization initiator such as 

50 photo polymerization initiators and thermal polymerization initiators, cross linking agents, polymers, gelatinizers and 
other polymeric solid electrolytes. 

[0097] Eligible photo polymerization initiators are 1 -(4-isopropylphenyl)-2-hydroxy-2-methylpropane-1 -on. The photo 
polymerization initiator is used in an amount of 0.1 to 10, preferably 0.1 to 5 parts by weight, per 100 parts by weight 
of the polymeric monomer. The thermal polymerization initiator is used in an amount of 0.1 to 10, preferably 0.1 to 5 
55 parts by weight, per 100 parts by weight of the polymeric monomer. 

[0098] Eligible polymers are polyacrylonitrile, carboxymethyl cellulose, poly vinyl chloride, polyethylene oxide, poly- 
urethane, polyacrylate. polymethacrylate, polyamide, polyacrylicamide, cellulose, polyester, polypropylene oxide and 
nation. 
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[0099] Eligible getatiners are oxyethylene methacrylate, oxyethylene acrylate, urethane aery late, acryticamide and 
agar-agar. 

[0100] Eligible polymeric solid electrolytes are polyethylene oxide, a polymer of oxyethyienemethacrylate. nation, 
potystylene sulfonate, Li 3 N, Na-0-AI 2 O 3 , Sn(HP0 4 )2 ■ H 2 0. Particularly preferred are polymeric solid electrolyte ob- 
. s tained by polymerizing an oxyalkylene(metha)acry late-based compound or a urethane acrylate-based compound. 
[0101] The blend ratio between Components (A), (B) and (C) will be described heretnbelow. 

[0102] Although the blend ratio of each component is arbitrary selected, the amount of Component (A) is preferably 
selected to an extent that the molar ratio of the polymeric monomer contained in Component (C) to Component (A) 
(the bipyridinium compound) is maintained to be 10,000 / 1 to 1 /1 , preferably 1 ,000 / 1 to 5 /1 , more preferably 100 / 
10 1 to 1/1. 

[0103] If the polymeric monomer in Component (C) is the polyfunctional polyalkylene oxide, the weight ratio of Com- 
ponent (A) to the polyfunctional polyalkylene oxide is within the range of 1 / 0.001 to 1 / 1. particularly preferably 1 / 
0.05 to 1 /O.5. 

[0104] Component (B) is used in an amount of 1 to 500, preferably 5 to 200, more preferably 10 to 100 millimole. 
is [01 05] The term "ultraviolet absorbing compound having an ethylenic double bond" used herein denotes an ultraviolet 
absorbing compound into which a group having an ethylenic double bond, typically an acryloyl group or a methacryloyl 
group is introduced (hereinafter referred to as Component (D)). 

[0106] Although Component (D) is not an essential component of the present invention, the use of Component (D) 
) can prevent the inventive device from deteriorating in electrochromic properties caused by ultraviolet rays. 

- - 20 [0107] Component (D) may be a compound having a benzotriazole skeleton represented by formula (21 ) or (22) or 
a benzophenon skeleton represented by lormula (23) or (24): 



2s HO R 



■ 30 



35 




AS 



SO 
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[0108] In formulae (21) through (24), R 69 and R 73 are each independently hydrogen, a halogen atom or an alkyl 
group having 1 to 10, preferably 1 to 6 carbon atoms. Specific examples ot the halogen atom are fluorine, chlorine, 
t \ 40 bromine and iodine. Specific examples of the alkyl group are methyl, ethyl, propyl, i-propyl, butyl, t-butyl and cyclohexyl 
groups. R 65 and R 73 are usually substituted at the 4- or 5- position of the benzotriazote ring but the halogen atom and 
the alkyl group are usually located at the 4- position. R 70 and R 74 are hydrogen or an alkyl group having 1 to 10, 
preferably 1 to 6 carbon atoms. Specific examples of the alkyl group are methyl, ethyl, propyl, i-propyl, butyl, t-butyl 
and cyclohexyl groups. R 71 , R 75 , R 86 and R 89 are each independently a C, - C 10 alkylene group such as ethylene and 

45 trimethylene groups. R 80 and R 82 each independently indicate a covalent bond or are a C n - C 10 alkylene group such 
as ethylene and trimethylene groups. R 72 . R 77 R 81 , R 83 . R 88 and R 91 are each independently hydrogen or methyl 
group. R 76 , R 87 and R 90 are each independently a C, - C 10 alkylene group such as methylene group, m, n ( p, r, s, t, 
u, x and y are each an integer of 0 or 1 and satisfy the conditions of 1 m + n ^ 2. 1 ^ r + s $ 2, 1 ^ t + u ^ 2 and 1 
^ x + y < 2. p, q, v and w are each an integer of0^p<3,0^q^3,0<v^3 and 0<w<3. 

so [0109] Specific examples of preferred compounds for Component (D) are as follows and two or more of these com- 
pounds may be used in combination: 
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o— c— c=ch : 



25 



30 



35 



HO — (( )) fcH^7T-C— OCH^CH— CH^-O— C— C = CH^ 

J- \\ "I " II I 

O OH O CH, 





H^Vc— OCH^CH— CH.-O— C— C-CH, 
"A II "l " n I 

O OH O CH, 



CH-V-C— OCH-CH— CH^-O— C— C=CH, 
/-II "I ~ II ' 



( ) «° y ' O OH O CH 3 



[0110] Component (D) is used in an amount of 1 to 500, prelerably 5 to 200, more preferably 10 to 100 millimole, 
per mole of the polymeric monomer in Component (C). 
45 [0111] Without using Component (D), it is possible to imparl the inventive device with stability against ultraviolet rays 
by the following method: 

(1) mixing a composition containing Components (A), (B) and (C) with an ultraviolet absorbing agent before curing 
the composition to form an ion conductive layer; and 
so (2) providing an ultraviolet absorbing layer at any site of the electrochromic device. 

[0112] When method (1) is employed, the ultraviolet absorbing agent is used in an amount of 0.05 to 40, preferably 
0.5 to 20 mass percent of Component (C). 

[0113] In the case of employing method (2), the ultraviolet absorbing layer may be arranged in any location of the 
55 device. For instance, the ultraviolet absorbing layer may be arranged on the outermost surface of the device through 
which light passes through or between the substrate and the electrode located at the side of the device subjected to 
light. The ultraviolet absorbing layer may be formed by any suitable method. For instance, the ultraviolet absorbing 
layer may be formed by applying an ultraviolet absorbing agent dissolved in a solvent at a selected position and then 
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distilling out the solvent. Eligible ultraviolet absorbing agents for methods (1 ) and (2) are compounds having a benzo- 
triazole skeleton or a benzophenone skeleton. 

[01 14] Preferred examples of the compound having a benzotriazole skeleton are those represented by the formula 



- 5 




[011S] In formula (25), R 92 is hydrogen, a halogen atom or an alkyl group having 1 to 10, preferably 1 to 6 carbon 
atoms. The halogen atom may be fluorine, chlorine, bromine and iodine. Specific examples of the alkyl group are 
methyl, ethyl, propyl, i-propyi, butyl, t-butyl and cyclohexyl groups. R 92 is substituted at the 4- or 5- position of the 
benzotriazole skeleton but the halogen atom or the alkyl group are usually located at the 4-position. R 93 is hydrogen 
or an alkyl group having 1 to 10, preferably 1 to 6. Specific examples of the alkyl group are methyl, ethyl, propyl, i- 
propyl, butyl, t-butyl and cyclohexyl groups. R 94 is an alkylene group having 1 to 10, preferably 1 to 3 carbon atoms 
or an alkylidene having 1 to 10, preferably 1 to 3 carbon atoms. Specific examples of the alkylene group are methylene, 
ethylene, trimethylene and propylene. Specific examples of the alkylidene are ethylidene and propylene. 
[0116] Specific examples of the compound of formula (25) are 3-(5-chtoro-2H-benzotria2ole-2-yl)-5-{1 ,1 -dimethyle- 
thyl)-4-hydroxy-benzene propanoic acid, 3-(2H-benzotriazole-2-yl)-5-(1,1-dimethy!ethyl)-4-hydroxybenzene ethanoic 
acid, 3-(2H-benzptriazole-2-yl)-4-hydroxybenzene ethanoic acid and 
3-{5-methyl-2H-benzotriazole-2-yl)-5-(1-methylethyl)-4-hydroxybenzene propanoic acid. 

[0117] Preferred examples of the compound having a benzophenone skeleteton are those represented by the formula 





[0118] In the above formulae, R 96 and R 97 may be the same or different and are each independently a hydroxyl 
group, an alkyl or alkoxy group having 1 to 10, preferably 1 to 6 carbon atoms, m' and n' are an integer of 0 ^ m* ^ 3 
and 0 < n' £ 3. Specific examples of the alkyl group are methyl, ethyl, propyl, i-propyl, butyl, t-butyl and cyclohexyl 
groups. Specific examples of the alkoxy group are methoxy, ethoxy, propoxy, r-propoxy and butoxy groups. R 96 is an 
alkylene group having 1 to 10. preferably 1 to 3 carbon atoms or an alkylidene having 1 to 10, preferably 1 to 3 carbon 
atoms. Specific examples of the alkylene group are methylene, ethylene, trimethylene and propylene. Specific exam- 
ples of the alkylidene are ethylidene and propylidene. 

[0119] Specific examples of the compound having a benzophenone skeleton are 2 -hydroxy -4-methoxyben zophe- 
none-5-carboxylic acid, 2,2'-dihydroxy-4-methoxybenzophenone-5-carboxyIic acid and 4-(2-hydroxybenzoyl)-3-hy- 
droxybenzene propanoic acid. 
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[0120] The electrochromic device according to the present invention comprises a pair of electrically conductive sub- 
strates and an ton conductive layer disposed therebetween which layer is obtained by curing a composition containing 
Components (A) through (C) and Component (D) if necessary. The term 'curing* used herein denotes an increase in 
viscosity brought by chemical reaction. Such chemical reaction may be thermal- or photo- polymerization, polyconden- 
- 5 sation and cross linking, among which thermal- or photopolymerization is preferred. 

[0121] In the case of photo polymerization, a photo polymerization initiator is preferably added to Component (C). 
The type and source of light are not particularly restricted. Preferred types of light are far ultraviolet rays, ultraviolet 
rays and visible rays. Preferred light sources are high voltage mercury lumps, fluorescent lights and xenon lumps. 
Although not restricted, the photo polymerization is conducted by irradiating light at 100 to 50,000, preferably 1 .000 to 
10 20,000 mJ / cm 2 . 

[0122] In the case of thermal polymerization, a thermal polymerization initiator is preferably added to Component 
(C). Although not restricted, thermal polymerization is conducted at a temperature of 0 to 130 ft C. 20 to 80 °C and for 
10 minutes to 100 hours, preferably 30 minutes to 40 hours. 

[0123] The progress of the reaction can be observed by detecting a decrease in double bond with IR or NMR. 
is [0124] Although not restricted, the resulting ton conductive layer has preferably an ion conductivity of greater than 

1 x 10- 7 , preferably greater than 1 x 10" 6 , more preferably greater than 1 x 10" 7 S /cm, at room temperature. 

Although not restricted, the ion conductive layer has a thickness of 1 u. to 3 mm, preferably 10 u, to 1 mm. 

[0125] The ion conductive layer may be formed by any suitable known method. For instance, the ion conductive 
f ■ layer may be formed by curing a composition containing Components (A) through (C) or (A) through (D) alternatively 

20 with optional components after being injected into a space between two electrically conductive substrates disposed in 

opposed relation and having sealed peripheral edges, by vacuum injection or atmospheric injection or a meniscus 

method. Alternatively, after the ion conductive layer is formed over the electrode of one electrically conductive substrate, 

this substrate is assembled with the other electrically conductive substrate. 

[0126] The etectrochromic device according to the present invention is characterized by having two electrically con- 
25 ductive substrates at least one of which is transparent and an ion conductive material layer disposed therebetween. 
The basic structure of the device will be described hereinbetow with reference to the annexed drawings. 
[0127] Fig. 1 shows a device 10 composed of a transparent electrically conductive substrate 11 having a transparent 
substrate 1 2 and a transparent electrode layer 1 3 laminated thereover, an opaque, transparent or reflective electrically 
conductive substrate 1 4 having a transparent or opaque substrate 1 7 and a transparent, opaque or reflective electrode 
30 layer 16 disposed thereover and an ion conductive material layer 14 disposed between the electrically conductive 
substrates 11. 17. 

[01 28] Fig. 2 shows the structure of an display device or a smart window 1 0 in which an ion conductive material layer 
14 is disposed between two transparent electrically conductive substrates 11, 15 each of which has a transparent 
substrate 12 and a transparent electrode layer 13 formed over one surface of each the substrate 11, and which are 
35 placed at a certain interval so that the transparent electrode layers face each other. 

[0129] Fig. 3 showthe structure of an electrochromic mirror 1 0 in which an ion conductive material layer 1 4 is disposed 
between a transparent electrically conductive substrate 11 having a transparent substrate 1 2 over one of which surface 
a transparent electrode layer 13 is formed and a reflective electrically conductive substrate 15 having a transparent 
substrate 12 over one surface of which a transparent electrode layer 13 is formed and over the other surface of which 
> <o a reflective layer 19 is formed, the electrically conductive substrates being placed at a certain interval so that the 
transparent electrode layers face each other. 

[0130] The layers forming the device according to the present invention may be prepared by following the above- 
described methods. For instance, in the case of the device shown in Fig. 1, Laminate (A) is obtained by forming a 
transparent electrode layer 13 over a transparent substrate 12 in the foregoing manner and apart from this Laminate 

45 (B) is obtained by a transparent, opaque or reflective electrode layer 1 6 over a substrate 17. Consequently, Laminates 
(A) and (B) are placed in a opposing relation to each other with a space of 1 to 1 ,000 pm and then the peripheral edges 
except a portion for injecting an ion conductive material are sealed with a sealant 18 thereby producing a hallow cell 
with an injection port. After injecting a composition containing Components (A) through (C) and Component (D) added 
as required into the cell thorough the injecting port, an ion conductive material layer 16 is formed by curing the com- 

so position thereby producing a device 10. 

[01 31] A spacer may be used in order to keep the space between Laminates (A) and (B) constant upon placing them 
in an opposing relation. The spacer may be in the form of beads or sheet formed from glass or polymer. The spacer 
may be provided by inserting the beads or sheet into the space of the substrates facing each other or by forming 
protrusions formed from an insulate material such as a resin, over the electrode of the electrically conductive substrate. 

55 [01 32] Although no particular limitation is imposed on a method of curing a composition containing Components (A) 
through (C) or Components (A) through (D), the composition may be cured by light or heat or by mixing a reactive 
liquid curing with a lapse of time with the composition immediately before injecting the same. The injection port may 
be sealed in any suitable manner. 
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[0133] Alternatively, Laminate (A*) is obtained by forming a transparent electrode layer 13 and an ion conductive 
material layer 14 in this order over a transparent substrate 12 in the aforesaid manner and apart from this Laminate 
(B') is obtained by forming an opaque or transparent reflective electrode layer 16 over a substrate 1 7 in the aforesaid 
manner Consequently, Laminates (A') and (&) are placed in an opposing relation with a space of 1 to 1 ,000 um so 
- 5 tnat Ihe ion conductive material layer 1 4 is contacted with the reflective electrode layer, followed by sealing the periph- 
eral edges with a sealant 1 8. 

[0134] In the case of the electrochromic dimmer glass shown in Fig.2 t aller two transparent electrically conductive 
substrates 11, 15 are each prepared by forming a transparent electrode layer 13 over one surface of a transparent 
substrate 12, the dimmer glass is produced by following the procedure as described with respect to the device of Fig. 

JO 1 . In the case of the electrochromic mirror shown in Fig. 3, after preparing a transparent electrically conductive substrate 
by forming a transparent electrode layer 1 3 over one surface of a transparent substrate 12 and a reflective electrically 
conductive substrate by forming a transparent electrode layer 1 3 over one surface of a transparent substrate 12 and 
a reflective layer 1 9 over the other surface of the same, the electrochromic mirror is produced by following the procedure 
as described with respect to the device of Fig. 1 . 

\s [0135] The typical examples of structures of the devices according to the present invention are as shown in Figs. 1 
to 3. However, the present invention is not restricted to these particular embodiments and thus may further contain 
other components. Such components are exemplified by an ultraviolet shielding layer such as an ultraviolet reflective 
layer and an ultraviolet shielding layer and an overcoat layer for protecting the whole mirror layer or each layer of an 
^> electrochromic mirror. Such an ultraviolet shielding layer may be arranged the out side or the transparent electrode 

20 layer side of a transparent substrate 1 2. Such an overcoat layer may be arranged over the outer side of an transparent 
substrate 12 or a reflective layer 19. 

[01 36] The device according to the present invention is useful as display devices, smart windows, anti-glare mirrors 
fro automobiles or decorative mirrors for indoor use. 

[0137] The examples which follow are intended as an illustration of certain preferred embodiments of the present 
25 invention, and no limitation of the invention is implied. 

Example 1 

(1 ) Synthesis of Bipyridtnume Compound 

- 30 

[0136] Bipyridine was reacted with an equimoiar amount of benzylchloride in acetone thereby obtaining N-benzylbi- 
pyridiniumchlorkJe. 5.94 g (21 mmol) of the N-benzylbipyridiniumchloride thus obtained were dissolved in 150 ml of 
2-propanol and then 3.21 g (21 mmol) of chloromethyl styrene (m- and p- isomers mixture) were added thereto, followed 
by 24-hour stirring at room temperature thereby obtaining N-benzyl-N'-vinyibenzylbipyridinium chloride represented 
■35 by the formula 




AS 

(2) Synthesis of Amine Compound 

[0139] 25.4 g (150 mmol) of diphenylamine and 22.6 g (1 50 mmol) of cesium fluoride were weighed into a 500 ml 
three-necked flask. After substituting the flask with nitrogen, 250 ml of dimethylsulfoxide was added to the mixture and 
so then stirred. 21.3 g (150 mmol) of 1-f I uoro-4 -nitrobenzene was then added to the mixture and heated at a temperature 
of 120 °C in an oil bath, followed by 24-hour stirring. 

[0140] The resulting reaction solution was poured into ice-cold water to be precipitated. The solid thus obtained was 
recrystallized from acetic acid thereby obtaining 29.5 g (102 mmol) of a compound represented by the formula 
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NO 



10 



is 




[0141] 1 5.0 g (52 mmol) of the compound of formula (31 ) were transferred to a 500 ml three<iecked flask and supplied 
with hydrogen at atmospheric pressure after adding 200 ml of dimethylformamide and 1 .5 g of 5% palladium / carbon 
mixture. After 12-hour stirring at room temperature, the palladium carbon was filtered out and then the reaction solution 
was poured into ice-cold water to be precipitated. 

[0142] A white solid substance was vacuum-dried thereby obtaining 12.5 g (48 mmol) compound represented by the 
formula 



NJf. 




[0143] 12.5 g (48 mmol) of the compound of formula (32) were transferred to a 500 m! three-necked flask and then 
stirred under ice cooling after adding dropwise a 20 ml solution of 6.3 g of chloride melhacrylate and benzene. 
40 [0144] The reaction solution was washed with a 1 NHCI aqueous solution, water and a 1 NNaOh aqueous solution, 
twice respectively and dried over sodium sulfate. The solvent was removed thereby obtaining 13.4 g (41 mmol) com- 
pound represented by the formula 



45 



O CH 3 
it I 
NH-C-C = CFh 
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(3) Synthesis of Ultraviolet Absorbing Compound Having an Ethylenic Double Bond 

[0145] To a 300 ml three-necked flask was charged with 18.3 g (49 mmol) compound of formula (34) shown below, 
" 60 ml of digtyme (diethylene glycol dimethyl ether) and 0.9 g (7 mmol) of dimethylbenzylamine. A solution obtained by 

. 5 dissolving 7.7 g (54 mmol) of glycidyl methacrylate in 20 ml diglyme was added dropwise to the mixture and then 
reacted by healing for 1 3 hours. Even after cooling the resulting solution, it is observed that the solution had no insoluble 
substance and was transparent. 

[0146] The solution was poured into methanol to be precipitated. The solid substance thus obtained was vacuum- 
dried thereby obtaining 18.9 g (37 mmol) of a compound represented by formula (36) shown in below. 




25 



H-C— CH— CFh-O— C— C=Chh 
~ w * || | 

O O CHt 



(35) 



30 



40 



45 



SO 



55 



HO C(CH4 

Ci^^^^N O OH O CH 3 

(CH 2 +-C— OCH : CH— CH : -0 — C— C^CH : (36) 

(4) Production of Electrcchromic Mirror 

[01 47] A laminate was prepared by forming a thin film of palladium as a highly reflective electrode, over a substrate. 
An epoxy sealant was applied in the form of lines along the peripheral edges, except for a portion to be used for injecting 
a electrolyte precursor solution, of the palladium film layer of the laminate. A transparent glass substrate coated with 
Sn0 2 was superposed over the laminate such that the Sn0 2 surface and the palladium film layer face each other and 
then the epoxy sealant was cured with pressurizing thereby producing a hallow cell with an injection port. 
[0146] On the other hand, a homogenous solution was obtained by adding 0.4 g of lithium perchlorate to 4.0 g of a 
mixed solution of 1.0 g of methoxypolyethylene glycol monomethacrylate (the number of oxyethylene unit: 4) manu- 
factured by SHIN NAKAMURA CHEMICAL CO. LTD. under the trade name of ME04, 0.02 g of polyethylene glycol 
dimethacryiate (the number of oxyethylene unit: 9) manufactured by SHIN NAKAMURA CHEMICAL CO. LTD. under 
the trade name of 9G and 4.0 g of y-butylolactone. To the homogenous solution was added 0.02 g of a photopolymer- 
ization initiator, 1 -(4-isopropylephenyl)-2-hydroxy-2-methylpropane-l -on manufactured by MELK CO., LTD. under the 
trade name of w Diecure-1116" in a dark room and further added 0.85 g (1.84 mmol) of N-benzyl-N'-vinylbenzylbipyrid- 
inium chloride obtained in the above procedure (1), 0.60 g (1.84 mmol) of the amine compound of formula (33) and 
0.95 g ( 1 .84 mmol) of the ultraviolet absorbing compound having an ethylenic double bond of formula (36). The resulting 
homogenous solution was injected into the cell obtained above after being dehydrated. 

[0149] After the injection port was sealed with an epoxy sealant, the solution in the cell was cured by exposing the 
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side of the transparent substrate of the cell to fluorescent light thereby obtaining an electrochromic polymeric solid 
electrolyte and also an all solid type electrochromic mirror of the structure as shown in Fig. 3. 
[0150] The mirror when assembled was not colored and had a reflectance of about 80 %. The mirror was quick in 
response to an electric voltage and exhibited excellent electrochromic properties. The mirror was colored upon appti- 
5 cation of a voltage of 1 .2 V and had a reflectance of 10 %. Coloring and bleaching operations were repeated every 10 
seconds, but no remnant coloration was observed after the lapse of about 200 hours. 
[0151] When the electrochromic mirror was broken, no medium scattered and flowed out. 

[0152] 50 mJ/cm 2 of xenon light was irradiated to the electrochromic mirror when it was colored by applying a voltage 
of 1 .2 V. After terminating the application of the voltage, the reflectance of the mirror was recovered from 1 0 % to 80%. 
io As a result of this, the electrochromic device using the polymeric solid electrolyte according to the present invention 
is superior in resistance to deterioration against ultraviolet rays. 

Example 2 

75 (1 ) Synthesis of Bipyridinium Compound 

[0153] 3.12 g (20 mmol) of bipyridyl was dissolved in 100 mi of acetonitrile in a flask, followed by addition of 6.10 g 
(40 mmol) of chloromethyl styrene (m- and p- isomers mixture) and 50 mg (0.45 mmol) of an polymerization prohibitor, 
hydroqutnone. 

20 [0154] After stirring the mixture at room temperature for 24 hours, the solid substance was filtered and dried thereby 
obtaining 7.84 g (17 mmol) of N.N'-d'rvinylbenzylbipyridinium dichloride represented by the formula 



25 




(2) Production of Electrochromic Smart Window 

[0155] An electrically conductive substrate was prepared by coating the surface of a transparent glass substrate with 
35 |TO. An epoxy sealant was applied in the form of lines along the peripheral edges, except for a portion to be used for 
injecting an electrolyte precursor solution, of the ITO layer of the substrate. A transparent glass substrate coated with 
platinum was superposed over the ITO coated substrate such that the ITO surface and the platinum surface face each 
other and then the epoxy sealant was cured with pressurizing thereby producing a hallow celt with an injection port. 
[0156] On the other hand, a homogenous solution was obtained by adding 0.4 g of lithium perchlorate to 4.0 g of a 
i } <o mixed solution of 1 .0 g of methoxypolyethylene glycol monomethacrylate (the number of oxyethylene unit: 4) manu- 
factured by SHIN NAKAMURA CHEMICAL CO. LTD. under the trade name of M40GN, 0.02 g of polyethylene glycol 
dimethacrylate (the number of oxyethylene unit: 9) manufactured by SHIN NAKAMURA CHEMICAL CO. LTD. under 
the trade name of 9G and 4.0 g of -y-butylolactone. To the homogenous solution was added 0.02 g of a photopolymer- 
ization initiator, 1-(4-isopropylephenyl)-2-hydroxy-2-methylpropane-1 -on manufactured by MELK CO., LTD. under the 
45 trade name of 'Diecure-1116" in a dark room and further added 0.85 g (1.B4 mmol) of N.N'-di-vinylbenzylbipyridinium 
dichloride of formula (39) obtained the above procedure (1), 0.60 g (1.84 mmol) of the amine compound of formula 
(33) in Example 1 and 1.20 g (2.33 mmol) of the ultraviolet absorbing compound having an ethylehic double bond of 
formula (36) in Example 1. The resulting homogenous solution was injected into the cell obtained above after being 
dehydrated. 

50 [0157] After the injection port was sealed with an epoxy sealant, the solution in the cell was cured by exposing both 
the surfaces of the cell to fluorescent light thereby obtaining an electrochromic porymeric solid electrolyte and also an 
all solid type electrochromic smart window as shown in Fig. 1. 

[0158] The smart window when assembled was not colored and had a reflectance of about 90 %. The mirror was 
quick in response to an electric voltage and exhibited excellent electrochromic properties. The mirror was colored upon 
55 application of a voltage of 1.2 V and had 10 % transmittance of 633 nm wavelength light. Coloring and bleaching 
operations were repeated every 1 0 seconds, but no remnant coloration was observed after the lapse of about 200 hours. 
[0159] When the electrochromic smart window was broken, no medium sandwiched between the substrates scat- 
tered and flowed out. 
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[0160] 50 mJ/cm 2 ot xenon light was irradiated to the electrochromic mirror when it was colored by applying a voltage 
of 1 .2 V After terminating the application of the voltage, the reflectance of the smart window was recovered from 20 
% to 90%. As a result of this, it is apparent that the electrochromic device using the polymeric solid electrolyte according 
to the present invention is superior in resistance to deterioration against ultraviolet rays. 



Example 3 

(1) Synthesis of Bipyridinium Compound 

[0161] N-benryt-N'-vinylbenzylbipyridinium chloride was recovered from a mixed solution of water-lPA containing 
HBF4 so as to be anion -exchanged thereby obtaining N^enzyl-N^vinylbenzylbipyrkJiniurn-di(tetrafiuoroborate) repre- 
sented by the formula 



is 




(2) Synthesis of Amine Compound 

25 [0162] To 10.0 g (39.9 mmol) of dihydro-di-(2-hydroxyethyl)phenazine represented by formula (39) below dissolved 
in 30 ml of methylene chloride was added dropwise a solution of 6.3 g (60 mmol) chbride methacrylate /15ml methylene 
chloride. After stirring at room temperature for 5 hours, the solution was washed with aqueous solution containing dilute 
sodium chloride, dilute hydrochloric acid and dilute sodium hydrogencarbonate, respectively and dried over NaS0 4 . 
The methylene chloride was distilled off thereby obtaining 11.9 g (29.3 mmol) of a compound represented by formula 
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(3) Production of Electrochromic Mirror 

[01 63] A laminate was prepared by forming a thin film of palladium as a highly reflective electrode, over a substrate. 
An epoxy sealant was applied in the form of lines along the peripheral edges, except for a portion to be used for injecting 
an electrolyte precursor solution, of the palladium film layer of the laminate. A transparent glass substrate coated with 
ITO was superposed over the laminate such that the ITO surface and the palladium film layer face each other and then 
the epoxy sealant was cured with pressurizing thereby producing a hallow cell with an injection port. 
[0164] On the other hand, a homogenous solution was obtained by adding 0.4 g of lithium perch lorate to 4.0 g of a 
mixed solution of 1.0 g of methoxypolyethylene glycol monomethacrylate (the number of oxyethylene unit: 4) manu- 
factured by SHIN NAKAMURA CHEMICAL CO. LTD. under the trade name of M40GN, 0.02 g of polyethylene glycol 
dimethacrylate (the number of oxyethylene unit: 9) manufactured by SHIN NAKAMURA CHEMICAL CO. LTD. under 
the trade name of 9G and 4.0 g of y -butylolactone. To the homogenous solution was added 0.02 g of a photopolym- 
erization initiator, 1-(4-isopropylephenyl)-2-hydroxy-2-methylpropane-1-on manufactured by MELK CO., LTD. under 
the trade name of "Diecure-1116' in a dark room and further added 0.87 g (1.85 mmol) of N-benzyl-N'-vinylbenzylbi- 
is pyridinium-di(tetrafluoroborate) obtained in the above procedure (1), 0.75 g (1.85 mmol) of the amine compound of 
formula (40) and 0.95 g (1 .84 mmol) of the ultraviolet absorbing compound having an ethylenic double bond of formula 
(36). The resulting homogenous solution was injected into the cell obtained above after being dehydrated. 
[0165] After the injection port was sealed with an epoxy sealant, the solution in the cell was cured by exposing the 
side of the transparent substrate of the cell to fluorescent light thereby obtaining an electrochromic polymeric solid 
20 electrolyte and also an all solid type electrochromic mirror of the structure as shown in Fig. 3. 

[0166] The mirror when assembled was not colored and had a reflectance of about 80 %. The mirror was quick in 
response to an electric voltage and exhibited excellent electrochromic properties. The mirror was colored upon appli- 
cation of a voltage of 1 .0 V and had a reflectance of about 8 %. Coloring and bleaching operations were repeated every 
10 seconds, but no remnant coloration was observed after the lapse of about 200 hours. 
25 [0167] When the electrochromic mirror was broken, no medium sandwiched between the substrates scattered and 
flowed out. 

[01 66] 50 m J/cm 2 of xenon light was irradiated to the electrochromic mirror when it was colored by applying a voltage 
of 1 .2 V. When the application of the voltage was terminated, the reflectance of the mirror was recovered from 8 % to 
80% afterlO seconds passed. As a result of this, the electrochromic device using the polymeric solid electrolyte ac- 
30 cording to the present invention is superior in resistance to deterioration against ultraviolet rays. 

Comparative Example 1 



35 



[0169] A laminate was prepared by forming a thin film of palladium as a highly reflective electrode, over a substrate. 
An epoxy sealant was applied in the form of lines along the peripheral edges, except a portion to be used for injecting 
a electrolyte precursor solution, of the palladium film layer of the laminate. A transparent glass substrate coated with 
Sn0 2 was superposed over the laminate such that the Sn0 2 surface and the palladium film layer face each other and 
then the epoxy sealant was cured with pressurizing thereby producing a hallow cell with an injection port. 
[0170] On the other hand, a homogenous solution was prepared by adding 0.4 g of lithium perchlorate to 4.0 g of 
40 propylene carbonate. To the homogenous solution were added 0.95 g (1 .84 mmol) of N.N'-diheptylbipyridinium bromide 
and N.N.N'.N'-tetramethylphenylenediamine. The resulting homogenous solution was injected into the cell through the 
port after being dehydrated. 

[0171] The mirror when assembled was not colored and had a reflectance of about 80 %. The mirror was quick in 
response to an electric voltage and exhibited excellent electrochromic properties. The mirror was colored upon appli- 
es cation of a voltage of 1.0 V and had a reflectance of about 10 %. However, after coloring and bleaching operations 
were repeated every 10 seconds, blue remnant coloration around the sealant was observed after the elapse of about 
200 hours, which remnant was believed to result from dimerization of viologen. 

[0172] When the electrochromic mirror was broken, the medium sandwiched between the substrates scattered. 
[0173] The electrochromic device is superior in capabilities of avoiding the viologen from precipitation caused by 
£ o dimerization thereof and resulting in the deterioration of the viologen and electron donative compounds and the medium 
from scattering. Furthermore, the electrochromic device according to the present invention can avoid the viologen and 
electron donative compounds from deterioration caused by being exposed to ultraviolet rays, by using an ultraviolet 
absorbing compound. 
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Claims 

1. An electrochromic device which has an ion conductive layer obtained by curing a composition comprising (a) a 
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bipyridinium compound represented by formula (1). (b) an amine compound represented by formula (2) and / or 
(3) and (c) a precursor component of a polymeric solid electrolyte, disposed between two electrically conductive 
substrates at least one of which is transparent, 
said formula (1 ) being 



R' 



O ' J ' ^ ' - (1) 

X Y 

wherein X- and Y- are the same or different and are each independently a counter anion selected from the group 
consisting of an halogen anion, CI0 4 - ( BF 4 -, PF 6 - ( CH 3 COO- and CH 3 (C 6 H 4 )S0 3 -. Ri is hydrogen or a C, - G s 
alkyl group, R2 is a C, - divalent hydrocarbon or oxygen-containing hydrocarbon group. R3 is a C, - C 20 
hydrocarbon or oxygen -containing hydrocarbon group and a is an integer of 0 or 1 ; 
said formula (2) being 

R 4 R° R 7 

H 2 C=C^R 5 -^N-ArJ-N^R 8 (2) 

wherein is hydrogen oraC r C 5 alkyl group, R* is a C, - C 15 hydrocarbon or oxygen -containing hydrocarbon 
group, b is an integer of 0 or 1 , R 6 and H 7 are the same or different and are each independently hydrogen or a C, 
- C2 0 hydrocarbon or oxygon-containing hydrocarbon group, R8 is hydrogen or a C, - hydrocarbon or oxygen- 
containmg hydrocarbon group and Ari is a C 6 - C 20 divalent aromatic hydrocarbon group- and 
said formula (3} being 



R 9 



H 2 C=C-fR 10 )_- N \ 




R I3 



(3) 



wherein R^ is hydrogen or a C, - C 5 alkyl group, Rio is a C, - C 15 hydrocarbon or oxygen^ontaining hydrocarbon 
group, c is an integer of 0 or 1, R" and Ri2 are the same or different and are each independently hydrogen or a 
C1 - Cgo hydrocarbon or oxygen^containing hydrocarbon group and R« is hydrogen or a C, - C 20 hydrocarbon or 
oxygen -containing hydrocarbon group. 

The electrochromic device according to claim 1 which has said ion conductive layer further containing (d) an ul- 
traviolet absorbing compound having an ethylenic double bond. 

The electrochromic device according to claim 1 wherein said bipyridinium compound represented by formula (1) 
wherein Ri is selected from the group consisting of hydrogen and methyl group, R2 j s selected from the group 
consisting of methylene, ethylene, tetramethylene, propylene, m-phenylene. p-phenylene, alkyl-substituted phe- 
nylene, b.phenylene, naphthylene, oxymethylene and oxypropylene groups, is selected from the group con- 
sisting of methyl, ethyl, i-propyl. n-propyl, n-butyl. t-butyf, n-pentyl. n-hexyl, cyclohexyl. n-heptyl, n-octyl benzyl 
and vtnylbenzyl, and groups represented by 
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^CH 2 CH : 0-^~ 



and 



CH, 
il " 

-CH^OC— C— CH, 

w ~ j| - - ... 

O 

said amine compound represented by formula (2) and / or (3) wherein R 4 and R 9 are each independently selected 
from the group consisting of hydrogen or methyl group, R 5 and R 10 are each independently selected from the 
'5 group consisting of groups represented by 

— OCH.CHn (OCH.CH.) 4 — C — C— OCH.CH 2 

II ' II 

20 O O 

— C-{OCH.CH.^— (C 6 Ki) — CH 2 — (C 6 H 4 )— CH-. — OCH-.CH-. 

II 

o 



and 



-(C 6 H 4 )-CH : -(OCH : CH:)7- 

R 6 , R 7 , R 11 and R 12 are each independently selected from the group consisting of methyl, ethyl, n-propyl, i-propyl, 
n-butyl, i-butyl, t-butyl, hexyl, heptyl, octyl, tolyl, ethyphenyl, phenyl, methoxyphenyl and ethoxyphenyl groups, RP 
and R 13 are each independently selected from the group consisting of methyl, ethyl, n-propyl, i-propyl, n-butyl, i- 
35 butyl, t-butyl, hexyl, heptyl, octyl, tofyl, ethylphenyl, phenyl, methoxyphenyl and ethoxyphenyl groups, and Ar 1 is 

selected from the group consisting of o-phenylene, m-phenylene. p-phenylene, alkyl-substituted phenylene, bi- 
phenylene and naphthylene groups. 

4. The electrochromic device according to claim 1 wherein said precursor component of a polymeric solid electrolyte 
40 comprises a polymeric monomer and a supporting electrolyte. 

5. The electrochromic device according to claim 1 wherein said polymeric monomer is selected from the group con- 
sisting of a monofunctional modified polyalkylene oxide represented by the formula 



R 5P / R V 



CH : =C— CO-( CHCHO-k- R°' ( l8 > 



wherein R 58 , R 59 , R 60 and R 61 are each independently hydrogen ora C, - C 5 alkyl group and g' is an integer of 
greater than 1 ; a difunctional modified polyalkylene oxide represented by the formula 
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75 



20 




(19) 



wherein R 62 ( R 63 , R 64 and R 6S are each independently hydrogen or a C, - C 6 alkyl group and h' is an integer of 
greater than 1, and a polyfunctional modified polyalkylene oxide represented by the formula 



R <>(> R^R 68 

CH 2 = C—CO-(- CHCHO-^4- L (20) 

O 7J' 

wherein R 66 , R 67 and R 68 are each independently hydrogen or a C t - C 5 alkyl group, i' is an integer of greater than 
1 , j* is an integer of 2 to 4 and L is a connecting group of valence indicated by q. 

6. The electrochromic device according to claim 5 wherein said polymeric monomer contains said diiunctional poly- 
25 oxyalkylene oxide and / or said polyfunctional in a total amount of 0.1 to 20 part by weight, of 100 parts by weight 

of said monofunctional polyoxyalkylene oxide. 
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FIG.1 




FIG. 2 
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FIG. 3 
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